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*  that  la*  alfdflMk  far  Mlatlw  dew  sal  eolation. 

try  taaaa)  alaa  the 

particular  direction  of  that  line.  A  aeries  of  such  lines  for  selected 
thickness  were  drawn  for  six  or  eight  vertical  sections  at  various  angles 
fron  the  front.  ("Vertical’'  is  here  defined  as  the  direction  of  the  trunk 
axis  if  the  nan  were  seated  erect  in  a  noraal  chair  and  rooau  "Horizontal" 
la  defined  by  the  plane  perpendicular  to  the  vertical.) 

Two  angles  are  needed  to  define  a  thickness  line,  a  "latitude",  or 

angle  fron  the  "horizontal"  plana  to  the  line,  and  a  "longitude",  or  angle 

fron  the  front  to  the  line.  Figure  1  illustrates  these  definitions  for  the 

case  of  a  point  In  the  gut  region  of  our  hypothetical  75 -percentile  seated 

nan.  Using  care  to  draw  these  longitudinal  cross  section  views  of  the  lnana 

body,  and  to  measure  a  large  masher  of  thicknesses,  x,  act  various  0  and  <p 

values,  one  acquires  data  far  thickness  contours.  Actually,  a  series  of 

thicknesses  was  chosen  and  b  values  found  on  given  sectional  views. 

This  data  readily  plots  into  isothlckuess  contours.  Figure  2  is  a  plat  of 

these  contours  on  a  6  ,  -p  nap  for  the  gut  point  of  Fig.  1.  With  a  little 

imagination,  one  can  identify  some  body  structures  as  seen  fren  this  gut 

* 

point  looking  out  in  all  directions.  Shoulders,  legs,  etc.  are  dear} 
other  parts  are  less  obvious.  In  Fig.  2  the  body  was  assisted  to  be  composed 
entirely  of  soft  tissue;  the  bones  sod  lungs  were  neglected  Insofar  as  they 
are  different  fron  tissue.  The  effects  of  lungs  and  bona  are  discussed  later. 


*  This  night  be  considered  the  inverse  process  of  oaphalosccpsis l 


•  AC  IS<4  t-Kl 


0O&/VC 

°B2- 90197 

PAGE  6 

I  TOOO 


Folding  line 


£  is  vertical  axis,  passing  through  the  point  of  interest  (Out). 
<p  is  longitude  angle. 

9  is  latitude  angle. 

x  is  thickness,  a  function  of  &  and  (p  for  this  point. 


FIGURE  1. 


A  few  views  and  sections  used  in  deteraining  thickness 
of  tissue  around  a  point  in  the  gut. 
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ISOTHICKNESS  CONTOURS  TOR  VARIOUS  BODY 
POINTS  OF  RADIOBIOLOGICAL  INTEREST 


Twelve  points  in  the  assumed  seated  75-percentile  nan  were  selected 
for  this  study.  Sons  of  these  points  are  of  specific  radiobiological 
interest,  since  body  radiation  responses  are  associated  with  organa  situ¬ 
ated  there.  In  this  category  are  gut,  aternua,  fesur,  spleen,  and  eye  lens. 
Others  of  the  selected  points  allow  an  estiaate  of  trunk  depth  dose  distri¬ 
bution.  For  soae  points  the  effect  of  considering  bone  or  lung  air  was 
found  for  the  isothickness  contours.  Table  1  summarizes  the  ehoson  points, 
and  gives  an  identifying  code  syabol.  Using  the  aethods  illustrated  in 
Fig.  1,  mappings  were  aade  of  lines  of  constant  tissue  thickness  between 
the  body  surface  and  the  selected  points.  Nine  such  contours  are  shown 
in  Figs. 2  through  10  for  gut,  chest  akia,  aternua  (with  air  in  the  lungs), 
femur  (neglecting  boae),  eye  lens,  waist  skin,  waist  4  ca  deep,  waist  8  ca 
deep,  and  spinal  coluaa,  respectively.  Latitude  0  is  platted  vertically, 
longitude  horizontally;  thus  the  head  is  aleng  the  top  in  the  ieothiek- 
ness  contours  for  body  trunk  points,  the  body  front  is  on  the  center,  and 
the  back  is  along  the  edges,  where  -l80*  is  the  eaae  as  +l80*. 
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1ABLB  1.  Description  of  »o4y  Foists  Analyzed. 


naun  5*  Co»tour  plot  of  tiara#  isothlekaossas  la  all  dirootioas  about 
tho  polat,  CHEST  0,  looatod  aa  iadleatod  la  Tafclo  1,  la  a 
•oatod  TVpwwtUi  am.  $  ■  0,  d>  ■  0,  ooator  of  fl«aro, 
is  tko  straight  ahoad  harlaoatal  dirootioa. 
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mum  k.  Contour  plot  of  tioauo  iaothioknoMos  la  all  diroetiona  about 
the  point,  CHS8T  2,  located  an  indicated  in  Table  1,  in  a 
oeated  7>*peree»tile  aaa.  0-0,  $  •  0,  easier  of  flfare, 
is  the  straight  ahead  heriaoaial  direction. 
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Coataur  plot  of  tisaua  iaathioknaaaas  la  all  diraotioaa  abaut 
tha  paiat,  nHUB,  la«ats4  aa  imdiaatad  la  Tabla  1,  la  a  mto4 
7V par— 111a  aaa*  Q  •  0,  $  •  0,  aaatar  of  tka  flgars,  is 
ths  straight  akaad  karlsaatal  dirsstlsa. 
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7X0011  8.  Canto ur  plot  of  tioouo  laothickaaaaaa  la  all  diroetloaa  about 
tha  paint,  WAIST  A,  la cat ad  a a  ladiaatad  in  Table  1,  la  a 
aaatod  75-paraaatila  aaa.  0  «  0,  (2)  ■  0,  caatar  of  tha  f Igor a, 

la  tha  straight  ahaad  hariaaatal  dlrhatiaa. - iin,  ^1 

tha  outlina  of  tha  ahialdad  chair  aasuaad  for  tha  eaaa  WAIST  48. 
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9*  Contour  plot  of  tioouo  ioothlofcnooooo  la  all  dlrootioao  about 
tho  point*  WAIST  8,  loaotod  no  indicated  in  Tahio  1«  la  a  eea 
75-poreeotile  mu  9  •  0t  cfi  •  0,  Motor  of  the  figore«  io 
tho  otroifht  ahead  horlooatol  dirootioo. 
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Whenever  a  fcunan  body  la  1— r«w1,  la  a  team  aaaldlrcrtlanai  radiation 
flax,  not  necessarily  isotropic,  the  mount  of  radiation  reaching  a  specific 
Mr  point  and  the  dose  aka  art  ad  there  any  be  smleulatad  ualag  the  1m* 
thickness  contours  if  the  absorption  properties  of  the  radiation  are  team. 
The  motivating  exaagle  for  this  study  is  the  space  radiation  enylrouncnt, 
but  the  contours  given  aay  be  used  with  arbitrary  dlstrlbutlona  af 

any  incident  flux.  Oonaldar  an  sagular  dlstrlbutlan  af  acne  radiation 
Incident  upon  the  body,  ? (&  t<p)  d fl,  which  is  attenuated  aosordlng  to 
cone  funatleoal  expressian  A(x)  where  x  la  the  this  bases  ef  tisane,  x  la 
turn  la  a  function  of  &  and  $  ,  acoerdlng  to  the  laothletaess  centaurs; 
let  this  fuartlcn  be  x^(  6,  <p)  searre spending  to  point  P  in  the  body. 

Further,  let  B  be  the  eaavarslsa  factor  free  flax  to  ahaarted  dose  fear  the 
type  aad  quality  of  the  radiation!  D  need  not  be  a  oeneteat,  Indeed  It  la 
generally  dependent  vqpaa  energy  spaa  tv,  which  la  taorm  depends  upas  x. 

She  wav  1°  which  dose  is  amyatbsd  la  net  la  the  scape  of  this  deeanant. 

Bmartirlag  that  dfl  is  cas&i^d^,  we  can  write  the  prnoaaa  af 
a  dose  computation  la  the  fallowing  ajteellaat 

nux  at  P  -  JJ[ne,<t>)]  [u^e,<pn]  ~e  it)  t<p. 

Boas  at  ?  *  J  J  [*£.0)]  [n*J6,<p)\\  [*]  —t-  i9  4( p. 
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alysed  lsto  frartisnel  —IK  angle  irirtoM  tgr  *  series  sf  thiah- 

Thus  the  fraction  of  the  6  ,  <$>  sphere  occupied  by  — rl— • 

think— »—  was  deternlaad  gapl.il  pally,  with  alliMW  — de  fear  the  change 
in  else  of  the  area  el— eut  d 8  &<p  cos  d  over  the  sphere.  This  was 
done  by  counting  aijuares  on  the  iaothlctovesa  plots,  the  space  between 
oanteur  lines  being  assigned  to  m  lntanssdlate  value  of  thickness.  Tha 
space  between  contours  was  weighted  by  the  cos  9  factor  by  counting  squares 
within  5-  or  10-degree  wide  latitude  bands,  and  —signing  the  average  lati¬ 
tude  value.  Thus,  for  the  bead  30  to  35  degrees  the  area  hat— an  the  11 
sod  12  an  tissue  thickness  centaurs  was  Multiplied  by  a—  32*5°  sad  es signed 
to  the  thickness  11.3  cau  This  ar—  was  ccsguted  la  units  of  the  ar—  sf 
a  sphere  of  unit  area.  Sms  the  total  ■"g-1**-  area  of  all  thickness  mgians 
edd  up  to  unity,  providing  a  check  of  the  graphical  accuracy. 

Because  of  the  logartanse  of  the  isetropde  distribution,  the  results 
of  the  analysis  of  the  laetMclmesa  contours  for  the  t— 1—  selected 
points  are  tabulated.  In  Table  2,  sliaa  1  gives  a  tissue  thlekae— j 
col  nans  2  to  Ik  show  the  frecttanal  solid  angle  cdbt ended  ghaut  the  Ind  lasted 


body  point  In  the  75 -percentile  seated  on.  For  a  given  body  point,  using 
a  set  of  the—  fractional  solid  eagle  values  and  reapaetl—  thirteen— s  x, 
sue  nay  cccgute  dose  at  that  body  paint  by  the  saanatioas 
Do—  •  (F)  £  t  A(x4)  J\<x)  [■»—  Ihn—ralnn  (Xj)] 
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AH  IV  THE  LOTOS 

The  1 sot  hickness  contours  for  CHEST  2L,  the  sternum  with  lung  air 
considered.,  differ  from  those  of  GMK  2,  in  which  the  long  gee— try  was 
neglected.  Table  2  shove  the  effect  of  this  difference.  In  a  comparison  of 
columns  4  and  5»  In  an  actual  dose  confutation,  the  difference  between 
the  two  eases  amounts  to  lesa  then  ten  percent  for  typleal  space  proton 
spectra  and  a  lap  11  fled  vehicles  (lef.  l).  Far  a  different  type  of 
radiation,  such  aa  lew  energy  2-rays  produced  by  space  electrons,  the  effect 
of  neglecting  the  hlgher-Z  bone  absorption  would,  override  the  lung  air 
effect. 

bob  compoutiob  or  tie  imjr 

Instead  of  the  airlifted  treatment  of  the  fensr  (neglecting  bone), 
it  was  decided  also  to  cagpute  the  fmnzr  doae  oannlderlng  the  fact  that 
radiation  has  to  tzevaroe  a  caapast  hone  oortooc  and  a  "epengy"  bone 
(lamellar)  interior  structure  to  ranch  the  marrow  in  hone  center.  This 
analysis  was  label  led  ”FMH  B",  and  due  to  its  complexity  is  net  platted 
bare,  hut  is  rather  tabulated  in  the  appendix  to  this  decunaat.  the  iso* 
thickness  contours  for  tioouo  and  hath  hone  type#  wore  plotted  separately 
and  superimposed  to  arrive  at  72  ooparatc  thioloaaos  regions  in  the  throe* 
material  contours.  She  ooneohat  prod  lotah  le  mad  fortunate  result  of  the 
marrow  dope  calculations  for  VM  B  was  only  a  flaw  percent  loan  than  that 
far  the  approximate  PBCJB  case,  for  space  prelaw.  Ska  llffarcmaa  far 
X-rays  would,  however,  he  ei#dfleant. 
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Bjc  eases  analyzed  inlleate  that  the  extra  effort  involved  in  the  h 
geonrtry  problem  to  take  aocovmt  of  hones  aad  lunge  is  not  Justified  for 
space  proton  dose  Deputations,  hut  is  aeoeeeory  for  the  oaloalatloa  of 
space  electron  hr— trahlmg  deees. 


SUMMARY 


A  method  has  been  described  by  which  the  huznan  body  tissue  geometry, 
or  any  complex  three-dimensional  figure,  may  be  analyzed  into  terms  useful 
for  calculations  of  radiation  dosage  to  interior  points.  The  method  was 
applied  to  the  seated  human  male  (75 -percentile  U.S.  Air  Force  man),  to 
determine  contours  of  constant  tissue  thickness  about  twelve  radi ologic ally 
interesting  body  points.  For  use  in  an  isotropic  radiation  flux,  the 
fractional  solid  angle  subtended  by  various  tissue  thicknesses  is  given. 

The  power  of  this  approach  is  evident,  for  it  replaces  a  c Duplicated 
geometry  problem  with  a  (perhaps  large)  set  of  simple  "straight-through” 
layered- shield  problems.  Each  sijple  dose  problem  nay  be  solved  easily  by 
electronic  computer  and  the  results  weighted  with  the  corresponding 
fractional  solid  angles  and  summed  to  arrive  at  the  total  dose  at  a  point 
in  the  complicated  geometry. 
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Here  are  tabulated  the  fractional  —lid  "i1**  far  various  thicknesses 
of  tissue  and  bone  around  a  point  In  the  feanr  38  cm  forward  of  the  seat 
back  and  9  on  up  fraa  the  seat.  Two  types  ef  bane  were  considered,  a 
ooagpaet  bene  cortex,  and  a  spongy  (lonelier)  bane  Interior,  of  density 
L.85  and  1.17  g/cm^,  respectively.  Shis  tabulation  is  a  sanewbat  more 
exact  analysis  of  the  feanr  than  that  listed  in  Table  2  in  the  text. 

There,  the  body  was  assud  to  be  entirely  eeapoeed  of  1  g/ca^  density 
tissue.  Colli  1  of  Table  A-l  lists  various  thicknesses  of  spongy  bone 
about  the  seleetod  point  In  the  various  directions.  (Tolu  £  lists,  for 
each,  value  of  coin  1,  thicknesses  of  oaapact  bone.  In  oolaanw  3  to  11 
are  listed, for  each  bone  thickness  set,  the  fractional  solid 


ponding  to  the  thicknesses  of  tissue  given  at  the 


dll  thlckaoaaea  are  given  la  g/en  units. 


of  the 


h£> 

An  analysis  was  aade  of  the  effect  of  a  shielded  ohalr  on  which  an 
astronaut  eight  be  slttlag  while  being  ewposad  to  radiation.  In  Table 
A-2  are  given  the  fractional  solid  angles  far  the  oaaa  of  the  h  on  depth 
In  the  waist  (25  cm  above  seat,  k  an  la  fraa  right  aide).  The  een«. 
of  the  chair  as  seen  fron  this  point  is  Indicated  by  the  line  In 

Tig*  8  .  Besides  providing  scat  and  thigh  it  covers  the  back, 

wraps  around  the  sides  to  a  height  of  £5  an  above  the  seat  level,  aad 
has  a  10  ca  vide  belt  crowd  the  abdoasn  13  to  25  on  above  the  seat  level. 
The  thickness  of  the  shielding  ohalr  nay  be  aaqr  desired  value  aad  is  giv 
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TABLE  A-2.  Solid  Angles  for  the  WAIST  4S  Cue.  (Percent) 


Fractional 

Chair  Thickness 

Tissue  Thickness 

Solid  Angle 

(g/em2) 

(g/ea2) 

(percent) 

0 

4.5 

0.613 

0 

5.5 

2.723 

0 

6.5 

3.935 

0 

7.5 

2.663 

0 

8.5 

1.712 

0 

9.5 

1.549 

0 

11 

3.135 

0 

13 

3.880 

0 

15 

2.159 

0 

17 

1.166 

0 

19 

1.2*6 

0 

25 

4.580 

0 

35 

4.612 

0 

45 

2.685 

0 

55 

0.669 

0 

65 

0.200 

0 

75 

0.075 

» 

4.5 

3.076 

iS 

5.5 

6.557 

iS 

6.5 

6.295 

7.5 

3.947 

8.5 

3.528 

jS 

9.5 

3.256 

iS 

11 

3.205 

1 

£ 

■s 

13 

15 

1.816 

2.611 

17 

2.148 

19 

25 

2.398 

12.160 

35 

9.218 

45 

1.915 

Total 


100.337 
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•*  ig  in  fable  k-2.  In  the  eases  analyzed  far  actual  space  pretea  dose 
calculation,  2  g/e a2  and  h  g/ca2  polyethylene  thickness  vere  chosen  as 
typical  feasible  chair  shielding  valaes.  These  dose  ecapvtatisas  are 
reported  elsewhere  (Bef.  l),  and  show  the  effect  of  the  chair  an 

the  Hillf  h  point  total  dose  (prlanry  piss  secondary)  to  he  noticeable 
hut  probably  not  significant  from  the  protcctlcn  point  of  rlev. 
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Sere  are  given  sene  of  the  basis  outline  and  section  drawings  of 
the  seated  75 -percentile  nale  asmed  far  this  study.  (The  lower  leg 
drawings  are  not  given  here. )  Table  B-l  gives  the  data  fren  the  Bertsberg, 
Daniels,  and  Churchill  report  (Bef .  2)  used  Is  aalrtng  these  scale  drawings 
of  the  human  body. 

In  Fig.  B-l  a  side  view  Is  shown,  drawn  from  the  data  of  Table  B-l, 
but  not  shoving  the  lower  legs.  In  Fig.  B-2  the  back  view  Is  shown,  lees 
lower  legs.  In  Fig.  B-3  the  top  view  Is  given,  with  transverse  sect  lone 
drawn  at  Indicated  heights  above  the  seat  level.  The  selected  analysis 
points  are  Indicated  on  Tigs.  B-l  and  B-2.  Figures  B-4  and  B-5  show  the 
transverse  sections  of  the  head,  baaed  on  the  data  of  Table  B-l,  the  views 
given  la  Morton's  Bunsen  Cross  Sectional  Aastaagr  (Bef.  3),  and  sose  artistic 
Imagination.  Figures  B-6  and  B-7  show  side  and  front  views  of  the  head, 
respectively,  as  used  la  the  lsothioknsss  contour  napping  of  the  eye. 
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IS*  HI 


SOU  B-l.  MmhnmU  m  hitid  75-?ersentile  Man. 


UftMM 

*tsr 

Seat  level  to  tap  of  heed 

93.6 

n  it  n  - 1,  - 

eye 

82.2 

»  »  « 

61.0 

*  "  "  valet 

24.8 

"  "  "  thigh  rliwnntr 

15.2 

"  "  "  botten  of  feet  (popliteal  height) 

44.5 

Knee  level  to  bottoa  of  feet  (knee  height) 

56.8 

Chest  depth  (A  -  P  dlstaaee) 

24.3 

Valst  depth  (A  -  P  distance) 

21.6 

Buttock  depth  (A  -  P  dlstaaee) 

23.8 

Buttock  (heck  of  seat)  to  knee  laagth 

61.8 

Chest  breadth  (lateral) 

31.9 

B1  acranial  ii—etrr 

41.1 

Bideltoid  diaeeter 

47.0 

Klbov-to-elhov  breadth 

46.3 

Hip  breadth 

37.0 

Knec-to-knee  breadth 

20.9 

Bead  length  (forehead -to-chln) 

19.3 

Band  depth 

20.1 

lMd  breadth 

31.9 
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